have shown that high mobility group boxs (HMGBs) are universal sensors of viral nucleic acids, and thus of cell infection. This appears to be an evolutionary ancient mechanism of virus detection, and possibly might be a facet of a more general propensity of HMGBs to act as integrators of signals that pertain to peace and stress, life and death.
We are constantly threatened by bacteria and viruses; as a countermeasure, we have evolved systems of immune defense to recognize and fight the invading pathogens. But how do our cells know they are being infected? Recent work by the group of Tadatsugu Taniguchi (Yanai et al., 2009) implicates in the mechanism of recognition a family of nuclear proteins, high mobility group box (HMGB), which appear to be central sensors of distress.
We have two lines of defense against pathogens: innate and adaptive immunity. Adaptive immunity relies on antibodies and specific cytotoxic T cells; both recognize antigens, which are very small and specific parts of the pathogens. Adaptive immunity is very discriminating, but then its training lasts several days. Immediate defense is thus left to the innate immune system, which is blunt and nondiscriminating, but can protect us from pathogens not yet recognized by the adaptive system. The initial question can thus be rephrased: how can we recognize pathogens we have never seen before?
Our current understanding of innate immunity owes much to Charles Janeway, who proposed that cells recognize generic molecules which are indispensable to the pathogen-pathogen associated molecular patterns (PAMPs) (Janeway, 2001) . The cellular molecules that recognize PAMPs are called 'pattern-recognition receptors' (PRRs). There is a large number of PRRs in most cells, because relying on a single PRR can be catastrophic if we are infected by a pathogen that has learnt to evade that specific PRR.
To recognize viruses, there seems to be no better choice than detecting DNA and/ or RNA. The viruses cannot do without them. Viral RNA and DNA must be distinguished from the cell's own RNA and DNA. Viral RNA has a triphosphate at its 5 0 end, whereas cellular RNAs have a cap or mask their 5 0 termini. Viral DNA must pass through the cytoplasm, while cellular DNA is in the nucleus. PRRs pick up these subtle cues (Takeuchi and Akira, 2009) . Some members of the Toll-like receptor (TLR) family, TLR3, TLR7 and TLR9, are present in the endoplasmic reticulum and in the vesicular compartment, and sense dsRNA, ssRNA and short dsRNA and hypomethylated DNA, respectively. TLRs are best placed to meet viruses that enter cells via endosomes. Members of the RLR family (cytosolic RIG-I-Like receptors) respond to both RNA and DNA, whereas DNA-dependent activator of IRFs and Absent in Melanoma 2 (AIM2) are specifically activated by DNA; all are in the cytosol where they scout for suspiciouslooking nucleic acids -viruses that have shed their capsid.
Activation of all these PRRs leads in various guises to activation of NF-kB and IRF, transcription factors that control genes with inflammatory and antiviral functions, and of the inflammasome (a complex that processes pre-stored signalling molecules). The final result is the production of interferons (IFNs) and pro-inflammatory interleukins, cytokines and chemokines. These trigger inflammation and recruit innate and adaptive immune cells to the site of infection.
So far, these nuclei-acid sensing systems appeared to be independent. Yanai et al. have now showed that universal sensors for intracellular nucleic acids indeed exist. These universal 'sentinels' are the HMGB (HMGB1, 2 and 3) proteins, a family of evolutionarily conserved nonhistone chromatin components with key roles in nuclear homeostasis, spanning from maintenance of genome integrity to transcription, DNA replication and repair, site-specific recombination and DNA transposition .
Yanai et al. identified HMGBs as the proteins most prominently recovered after binding to B-form DNA. This was not surprising, since HMGBs are well-known chromatin architectural proteins with the ability to bind to B-DNA, and they are very abundant (HMGB1 in most cells, HMGB2 and 3 with somewhat restricted expression). What Yanai et al. actually revealed is that, besides B-form DNA, HMGBs are able to bind to different immunogenic nucleic acids (which are ligands for TLRs or for cytosolic receptors), with a correlation between their binding affinity and the immunogenic potential of the nucleic acid. They also observed a difference in specificity: HMGB1 and HMGB3 bind both to immunogenic DNA and RNA, HMGB2 only to DNA.
HMGBs were also previously known to be involved in innate and adaptive immune responses (Bianchi and Manfredi, 2007) . It had also been shown that HMGB1 and TLR9 interact physically and functionally (Ivanov et al., 2007; Tian et al., 2007 Various types of cells lacking HMGBs showed comparable defects in nucleic acid-induced innate immune responses. HMGB-depleted macrophages had reduced secretion of IL-1b, indicative of a defective activation of the DNA-AIM2-inflammasome pathway. Activation of the nucleic acid-sensing TLRs (TLR3, 7 and 9) was also severely impaired in conventional and plasmacytoid dendritic cells (cDC and pDC) and macrophages lacking HMGBs, whereas the TLR4-mediated response to LPS was unaffected.
Finally, nucleotide analogues with high affinity for HMGBs successfully interfered with HMGBs' action as sensors of immunogenic nucleic acids.
The authors concluded that HMGBs represent an universal and promiscuous sensing system for foreign nucleic acids, whose action is essential for subsequent activation of innate immune responses by more discriminating PRRs. Evading HMGB surveillance might be difficult: HMGBs bind to nucleic acids without sequence specificity, and the viruses cannot dispense of their genomes.
HMGBs are well positioned as universal sentinels, both in place and in (evolutionary) time. HMGB1 shuttles continuously between the nucleus and the cytoplasm, and can end up in vesicular compartments (Bonaldi et al., 2003; Ivanov et al., 2007) ; moreover, its subcellular location responds to conditions of cellular stress. Therefore, HMGB1 can continually sweep the cytoplasm in search of viral nucleic acids (HMGB2 and 3 likely behave similarly). HMGB1 can also be released outside cells that lyse after death, and signals to other cells in a cytokine-like manner (Bianchi and Manfredi, 2007) ; possibly, it can be released already in association with viral DNAs it has detected, and this complex might be more potent than HMGB1 itself (Bianchi, 2009) . In addition, HMGBs are very ancient proteins, with extremely close relatives in sponges, and less closely related relatives in unicellular eukaryotes (Sessa and Bianchi, 2007) . They are therefore good candidates to be ancient virus hunters, with the more sophisticated PRRs arising as later inventions.
More generally, HMGBs seem to be universal overseers of the cellular peace: they are recruited to sites of DNA damage, and participate in their repair . They throw a vote in decisions of life and death, by interacting with p53, NF-kB and with apoptotic and anti-apoptotic proteins . It might be handy to have a general integrator of signals that pertain to peace and stress, life and death; when an idea is good, evolution is likely to have been there long ago.
